Section ofRadiology 435 patients of whom 379 had lumps which required biopsy and 71 had cancer.
79%.
The essential requirement for the non-medical staff was that they should recognize the presence of abnormalities rather than make accurate diagnoses. When the results were considered in this way it was found that the non-medical team had missed none of the 71 cancers and that the doctors had missed one.
Response ofthe Population
Of the women invited to attend for screening 54 % accepted. The response varied inversely with age. Of those in the sixth decade of life 60 % attended, in the seventh decade 57%, in the eighth, 35% and in the ninth, 22 %.
It was not possible to relate response to social class but it was clear that different social groups responded in different ways. In a pilot study of local hospital staff the incidence of response in technical and secretarial staff was 70%, in nurses 50% and in domestic staff 40 %.
Effect on the Surgical Service It was difficult to estimate accurately the effect of screening on the surgical workload but the assumption was made that the negative biopsies performed on women who attended for screening represented additional work which would not otherwise have been carried out. When these data were extrapolated to the population of Manchester as a whole it appeared that 24 additional biopsies would be required each week or 6 for each of the 4 major general hospitals in the city.
Cancers Detected
Of the 10 cancers detected by screening 4 were apparent only on clinical examination and 3 only on the mammograms. Three were revealed by both methods of examination. Only 3 tumours measured less than 2.5 cm in diameter and these only can be said to represent really 'early' cancers.
Conclusions
Although non-medical staff are less accurate diagnostically than doctors, it seems clear from our data that, when acting together as a team, nurses and radiographers are able to detect abnormalities as effectively as medical staff. In some areas it may be difficult to recruit sufficient nurses or radiographers to screen the whole population at risk and further studies are needed with lay trainees.
Older women found screening less acceptable than younger ones but in the vital 50-59 age group 60% of women attended. Women in the fifth decade were excluded from the study because of possible risks from radiation but presumably the response would be even greater in this age group.
At present it is possible to make only an informed guess at the additional surgical workload involved. Our data suggest that initially it would be just over one biopsy per working day for the average hospital and presumably this would decrease rather than increase with time.
Of the 1873 women screened 10 were found to have cancer but 7 of these had been aware for some time that they had a lump in the breast. This suggests that a greater effort should be made to persuade women to see their doctor when they find a lump. Only 3 cancers were found by both methods of examination and this seems to confirm the need for both clinical examination and mammography if an effective service is to be provided. Our data suggest that it is feasible to provide, within the National Health Service, a screening programme to detect cancer of the breast. It is essential that this service should be free from radiation hazard and this is dealt with by Asbury & Barker (1975) . Feasibility of Radiological Screening for Breast Cancer It is fully established that irradiation of the breast can produce breast cancer. Reviewing the evidence for this in 1972 Ellis reached this conclusion: 'Unless... the dose level per examination was reduced to at most 2 rads then the risk of breast cancer induction might have to be taken into account in population screening examination.' A similar recommendation was made by an MRC Committee in a confidential document provided for us by the DHSS at the onset of this study. Ellis's statement was made in the context of a six-monthly mammographic examination repeated over a ten-year period. By 'per examination' is meant the total dose to a volume of breast tissue. This is the sum of the direct radiation from the two exposures of that breast, and any scattered radiation received during two exposures of the opposite breast. It does not mean 'per exposure'.
The equipment used was the Watson Mammostand. This has a rotating molybdenum target with focal spot sizes of 2.0 and 0.8 mm. There is no added filtration and the inherent filtration is equivalent to 0.5 mm aluminium. The radiation dose measurements were recorded by the lithium fluoride thermoluminescent technique. Thus far we have used the film and film-screen combinations summarized in Table 1 .
At the start of this study we had no previous special experience of mammography. We started therefore by using Kodak high definition Industrex C film in order to establish a base line standard of conventional mammography. Agfa-Gevaert Medichrome film was first used in combination with a Kodak high resolution screen and secondly an Ilford high definition screen. These combinations were vacuum packed (Price & Butler 1970) . Currently the 3M Company's Trimax XD film is in use, again vacuum packed with the Trimax Alpha-4 new rare-earth phosphor screen. Radiation dose was recorded in each quadrant of the breast during the total examination, as defined above. Dosage was highest in the upper, inner quadrant where the mean level was 7.1 rad (2.2-18 rad). The next highest dose was in the lower, inner quadrant where the mean dose was 5.5 rad (2.1-11.7 rad). In the upper, outer quadrant the mean dose was 2.4 rad (0.3-9.6 rad) and in the lower, outer quadrant the mean dose was 0.9 rad (0.25-5.1 rad). When referring to dose levels in mammography it is important therefore to specify where the radiation has been measured. It is emphasized that the dose levels here recorded represent the total dose to the skin of a quadrant of the breast during the 2 direct exposures of that breast, plus any scattered radiation received during the 2 exposures of the opposite breast.
During the series a 97 % reduction in dose was achieved. The lowest mean dose level with Industrex film was 4.9 rad. The Medichrome-Kodak screen combination reduced the mean dosage to 1.1 rad. The Medichrome-Ilford screen combination produced a further reduction to 0.5 rad and the new Trimax system resulted in a further reduction of 65% over the best of the Medichrome results, reducing the mean dosage to 0.2 rad. We have recently used the Dupont Lodose mammography film for specimen radiography and estimate that the dosage in a clinical situation would be approximately 1.0-1.5 rad total dose to one breast.
The typical exposure factors used throughout the series are summarized in Table 2 . It can be seen that a constant indicated kV of 36 was used at a constant FFD of 70 cm. To produce the high mAs levels for industrial quality film the 300 mA setting had to be used with the broader focal spot of 2 mm. With the other systems the fine focus was used with the 100 mA setting. The reduction in mAs values mirrors the reduction in recorded dose already illustrated.
The Trimax system has not previously been used in clinical mammography. The new rareearth phosphor screen is essentially composed of gadolinium oxysulfide and lanthanum oxysulfide. It both absorbs more X-rays than conventional screens, and more efficiently converts this absorbed X-ray energy to light energy, by a factor of approximately 5. The emitted light is principally in the green rather than the blue part of the spectrum and the 3M Company have developed a new range of films sensitive to this green light.
In summary, industrial quality film cannot be used in screening surveys of well women. To keep 1970 , Strax 1971 indicate that the use of paramedical staff as primary screeners would be essential in mounting a screening campaign and, as indicated by Sellwood (1975) our survey suggests that radiographers are almost as accurate as radiologists in reading mammograms. However, evidence also suggests that some radiographers merely copy the clinical impression regardless of the information on the film, and shows that the accuracy amongst the radiographers does not increase significantly with each 100 cases examined, contrasting with the radiologists who showed continuous improvement. Our overall radiological accuracy was seen to be 64%, a low figure in comparison with some series but when compared critically with other true screening series it compares favourably (see Table 1 ). Only our own and the surveys by Griesbach (1969) and Strax (1971) can be regarded as a true screening series; in the others there is a sigificant amount of selection which distorts the percentage accuracy. It will be seen that percentage accuracy bears a significant relationship to the incidence of cancer in the series.
One important fact to emerge was the desirability of the clinical examination preceding the radiographic one and that clinically suspicious sites should be marked. The importance of this is highlighted by reviewing 27 cancers missed by the radiologists (see Table 2 ). Of these it was noted that 19 were obvious clinically, but 6 were not on the film being on the extreme margin of the breast or in axillary tail, 6 would now be classified as malignant, 7 would still be reported as normal. Eight masses thought clinically to be benign were initially thought to be benign radiologically, but now 2 would be regraded malignant. Of the 11 radiologically visible cancers there were only 2 which showed calcification, an incidence of 10% which is significantly below the expected figure of 30-35%. The figure suggests that accuracy was significantly less in those cancers not showing calcificationthat is 65 % of cancers. It was also interesting to note that of the 27 breasts, 23 were graded 'dense', a situation where mammography is notoriously unreliable, and it was noted that all except 2 were postmenopausal.
The use of a low-dose technique with filmscreen combinations has reduced film quality in comparison with the traditional industrial quality mammogram. It is argued that this loss in quality is not sufficient to detract from the value of the 
